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NOTICE AND DISCLAIMER

This report compiles information about non-combustion technologies for remediation of persistent
organic pollutants, including technology applications at both domestic and international sites, but is not a
comprehensive review of all the current non-combustion technologies or vendors. This report also does
not provide guidance regarding the selection of a specific technology or vendor. Use or mention of trade
names or commercial products does not constitute endorsement or recommendation for use.

This report has undergone U.S. Environmental Protection Agency (US EPA) and external review by
experts in the field. However, information in this report is derived from many references (including
personal communications with experts in the field), some of which have not been peer-reviewed.

This report was prepared by the US EPA Office of Superfund Remediation and Technology Innovation
(OSRTI), with support provided under Contract Numbers 68-W-02-034 and EP-W-07-078. For further
information about this report, please contact Michele Mahoney at US EPA’s Office of Superfund
Remediation and Technology Innovation, at (703) 603-9057, or by e-mail at mahoney.michele@epa.gov.

A PDF version of “Reference Guide to Non-combustion Technologies for Remediation of Persistent
Organic Pollutants in Soil, Second Edition-2010” is available for viewing or downloading at the
Hazardous Waste Cleanup Information System website at http://www.clu-in.org/POPs. A limited number
of printed copies of the report are available free of charge and may be ordered via the website, by mail, or
by fax from the following source:

US EPA/National Service Center for Environmental Publications
P.O. Box 42419 USEPA

Cincinnati, OH 45242-2419

Telephone: 800-490-9198

Fax: 301-604-3408

Website: www.epa.gov/nscep
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EXECUTIVE SUMMARY

This report is the second edition of the U.S. Environmental Protection Agency’s (US EPA’s) 2005 report
and provides a high level summary of information on the applicability of existing and emerging non-
combustion technologies for the remediation of persistent organic pollutants (POPs) in soil. POPs are
chemicals that are demonstrated to be toxic, persist in the environment for long periods of time, and
bioaccumulate and biomagnify as they move through the food chain. POPs are linked to adverse effects
on humans and animals, such as cancer, damage to the nervous system, reproductive disorders, and
disruption of the immune system. In addition, restrictions and bans on the use of POPs have resulted in a
significant number of unusable stockpiles of POP-containing materials, largely located outside the United
States (US). Deterioration of storage facilities used for the stockpiles, improper storage practices, and past
production and use of POPs also have resulted in contamination of soils around the world. Since the
publication of this report in 2005, nine (9) additional chemicals have been listed in the Stockholm
Convention; this brings the total number of chemicals currently listed as POPs under the Stockholm
Convention to twenty-one (21)*. In addition, three (3) POPs are currently under consideration.

Historically, POP-contaminated soil has been widely treated by combustion systems using high
temperature incineration to destroy the contaminants. Incineration is widely used because high-
temperature incinerators can address large volumes of contaminated material and can treat most POPs
contaminants. Modern incinerators operating with highly controlled combustion environments can
achieve a high destruction and removal efficiency (DRE) for POP contaminants. In the US, DREs as high
as 99.9999% are achievable for incinerators treating non-liquid polychlorinated biphenyl compounds
(PCBs). The US EPA has approved the use of incinerators to treat PCB-contaminated material with PCB
concentrations greater than 50 parts per million (ppm). However, US EPA requires that incinerators meet
stringent operating conditions. For example, incinerators treating liquids contaminated with PCBs are
required to meet either (1) a 2-second residence time for the liquid waste at a temperature of 1200 °C and
with 3 percent excess oxygen in the stack gases or (2) a 1.5-second residence time at 1200 °C, with 2
percent excess oxygen.

Though incinerators can be used to treat POPs, they have several technology limitations, which are
addressed in the body of this report. Also, many interested parties have expressed concern about potential
environmental and health effects associated with this type of treatment technology (Ref. 8). The
combustion of POPs can create by-products such as polychlorinated dibenzo-p-dioxins (i.e., dioxins) and
polychlorinated dibenzo-p-furans (i.e., furans) — two known human carcinogens. Due to concerns about
their safety, incinerators also can face negative public opinion and attract public opposition. However,
because alternative treatment approaches have been limited to date, incineration continues to be most
commonly used technology for the treatment of POPs (including in developing countries). Additional
information about incineration and other combustion technologies can be obtained from the US EPA’s
Federal Remediation Technologies Roundtable (FRTR) website
(http://www.frtr.gov/matrix2/section3/3_6.html).

As a result of widespread interest in alternate technologies, numerous international organizations have
developed reports that identify and discuss non-combustion technologies for POPs, including:

e Evaluation of Demonstrated and Emerging Remedial Action Technologies for the Treatment of
Contaminated Land and Groundwater (Phase 111), 2002. IHPA.

! http://chm.pops.int/Convention/ThePOPs/tabid/673/language/en-US/Default.aspx
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http://www.ihpa.info/resources/library

o Review of Emerging, Innovative Technologies for the Destruction and Decontamination of POPs
and the Identification of Promising Technologies for Use in Developing Countries, 2004. UNEP.
http://www.basel.int/techmatters/review pop_feb04.pdf

e Destruction and Decontamination Technologies for PCBs and Other POPs Wastes (Part 111
Annexes) A Training Manual for Hazardous Waste Project Managers, Volume C, 2005. Basel
Convention. http://www.basel.int/meetings/sbc/workdoc/TM-A.pdf

¢ Non-Combustion Technologies for POPs Destruction — Review and Evaluation, 2007.
International Centre for Science and High Technology. http://www.ics.trieste.it

e Updated general technical guidelines for the environmentally sound management of wastes
consisting of, containing or contaminated with persistent organic pollutants (POPs). 2007. Basel
Convention. http://www.basel.int/pub/techquid/tg-PCBs.pdf

o Disposal Technology Options Study — review and update of technology Annex C: Review and
Update of Technology, 2008. Africa Stockpiles. http://www.africastockpiles.net

Some of the technologies discussed in these documents have progressed from the development stage to a
commercial stage; other technologies presented as commercial stage are no longer being developed. In
addition, promising destruction technologies for POPs continue to be developed. This Reference Guide
to Non-combustion Technologies for Remediation of POPs in Soil is intended to summarize and update
the First Edition prepared by US EPA in 2005, and build on these more recent studies. Updated
information for this document was obtained primarily by (1) reviewing various websites and documents,
(2) contacting technology vendors and experts in the field, and (3) working closely with the International
Hexachlorocyclohexane (HCH) and Pesticides Association, IHPA (John Vijgen), which has published
several factsheets that are used as references for this report.

This Second Edition Report also provides new performance data of the non-combustion technologies.
Tables 3-1 and 3-2 summarize full-scale and pilot/bench-scale technologies and provide information on
waste strength treated, ex situ or in situ treatment applicability, contaminants treated, available cost
information, pretreatment requirements, power requirements, configuration needs, and links to individual
fact sheets. Fact sheets prepared by US EPA are provided as appendices to this report. Additional fact
sheets for the various technologies are available through the IHPA website. Technologies identified in
the first edition (2005) of this report that are not currently commercially available are described in
Appendix E. This document is not intended as a roadmap for technology selection; however it is intended
to present the current state of knowledge for non-combustion technologies for treatment of POPs in soils.
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1.0 INTRODUCTION

Persistent organic pollutants (POPs) are toxic chemicals that are chemically stable, do not easily degrade
in the environment, and tend to bioaccumulate and biomagnify as they move through the food chain.
Serious human health problems are associated with exposure to POPs, including cancer, neurological
damage, birth defects, sterility, and immune system suppression. Restrictions and bans on the use of
POPs chemicals have resulted in a significant number of unusable stockpiles of POP-containing materials
internationally. In addition, deterioration of storage facilities used for the stockpiles, improper storage
practices, and waste/releases associated with past production and use of POPs have resulted in
contamination of soils around the world. The Programme on the Prevention and Disposal of Obsolete
Pesticides by the Food and Agricultural Organization (FAQO) of the United Nations is creating an
inventory of obsolete pesticides stockpiled around the
world. Information about pesticides inventories by country
can be obtained from FAO of the United Nations at
http://www.fao.org/ag/AGP/AGPP/Pesticid/Disposal/en/492
74/index.html. Because of their chemical stability, tendency http://www.fao.org/aq/AGP/AGPP/P
to bioaccumulate, adverse health effects, and widespread esticid/Disposal/en/49274/index.html
distribution and presence, remediation technologies are
needed to treat these pollutants.

FURTHER INFORMATION ABOUT THE
LOCATION OF STOCKPILES IS
AVALABLE AT

The international community has responded to the health concerns posed by these unusable stockpiles of
POPs by developing various treaties and organizations to address POPs chemicals and waste. Under the
Stockholm Convention on POPs (Stockholm Convention), which was adopted in 2001 and enacted in
2004, parties committed to reduce or eliminate the production, use, and release of the 12 POPs of greatest
concern to the global community. The US is a signatory to the Stockholm Convention on POPs — but has
not yet ratified the Convention. The initial list of 12 POPs was identified by the Intergovernmental Forum
on Chemical Safety and the International Programme on Chemical Safety. Another treaty regulating
POPs internationally is the Basel Convention on the Control of Transboundary Movements of Hazardous
Wastes and their Disposal (Basel Convention). The Basel Convention was adopted on March 22, 1989 by
the Conference of Plenipotentiaries convened at Basel, Switzerland and entered into force in 1992. In
response to Stockholm Convention provisions requiring coordination with the Basel Convention on POPs
waste issues, the Basel convention developed guidance on the environmentally sound management of
POPs waste. In 2004, the Basel Convention invited signatories of the Stockholm Convention to consider
its recommendations on environmentally sound
management for POPs wastes (Refs. 69 and 70). The US
is a signatory to the Basel Convention on POPs — but has
not yet ratified the Convention.

FURTHER INFORMATION ABOUT THE
STOCKHOLM CONVENTION ON POPs 1S

PROVIDED AT http://chm.pops.int/

The Stockholm Convention’s subsidiary body — the POPs
Review Committee (POPRC?) — includes environmental experts that review proposals to add new
chemicals to the Convention. The POPRC uses criteria set forth in the Convention® to review a chemical’s
characteristics as well as human health and environment effects. If the chemical meets the Convention’s
screening criteria in Annex D to the Convention, then the POPRC develops a risk profile for the chemical
(according to Annex E of the Convention) and, if warranted, prepares risk management evaluation

2 Additional information about POPRC meeting can be found at:
http://www.pops.int/documents/meetings/poprc/poprc.htm
% See Article 8 and Annexes D, E, and F of the Stockholm Convention.
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(according to Annex F of the Convention). Upon

completion of the risk management evaluation, FURTHER INFORMATION ABOUT THE

the POPRC makes the recommendation to the CONVENTION ON LONG-RANGE TRANSBOUNDRY
Conference of the Parties (COP) whether or not to AIR POLLUTION IS PROVIDED AT

add the chemical to one (or more) of the http://www.unece.org/env/Irtap/welcome.html

Convention’s Annexes (i.e., Annexes A, B, and/or
C). In addition, part of the listing process is to aid in creating a plan to reduce the chemical from current
and future environmental applications or uses (Ref. 61).

In October 2008, the POPRC held its fourth meeting (POPRC-4) and an outcome of that meeting was that
it recommended to the May 2009 COP that nine (9) additional chemicals be added to the Stockholm
Convention (Ref. 27). In October 2009* at POPRC-5 meeting, several chemicals underwent a review
process by the Committee. However, no new chemicals were recommended by the POPRC to the COP
for listing. Future COP and POPRC meetings in 2010 and 2011 will continue to review chemicals and
possibly add new chemicals to the Stockholm Convention.

In addition to the (global) Stockholm Convention, the Convention on Long-Range Transboundary Air
Pollution (LRTAP) is a regional international treaty that addresses environmental issues of the United
Nations Economic Commission for Europe (UNECE) with a primary focus on air emissions. The US is a
Party to the LRTAP Convention (i.e., the US has signed and ratified the LRTAP Convention). The
LRTAP Convention has been extended by eight (8) Protocols that include specific requirements for
countries to reduce air pollution including long-range air pollution. In 1998, the LRTAP Convention
adopted a Protocol on POPs to regulate the production and use of 16 chemicals that were singled out
according to agreed risk criteria. The US is a signatory to the LRTAP’s Protocol on POPs — but has not
yet ratified the Protocol and, therefore, not yet a Party to the LRTAP’s Protocol on POPs. The LRTAP
POPs Protocol originally listed the following 16 chemicals when it was adopted in 1998: aldrin,
chlordane, chlordecone, dichlorodiphenyltrichloroethane (DDT), dieldrin, dioxins/furans, endrin,
heptachlor, hexabromobiphenyl, hexachlorobenzene (HCB), lindane (i.e., gamma-HCH), mirex,
polychlorinated biphenyls (PCB), polycyclic aromatic hydrocarbons (PAHSs), and toxaphene. On
December 18, 2009°, the parties to the LRTAP POPs Protocol adopted amendments to the protocol to
include seven (7) additional chemicals, which are: octabromodiphenyl ether, pentabromodiphenyl ether,
pentachlorobenzene, perfluorooctane sulfonate (PFOS), short-chained chlorinated paraffins (SCCP),
polychlorinated naphthalenes (PCN) and hexachlorobutadiene (HCBD). PCN and HCBD are the only two
chemicals listed in the LRTAP’s Protocol on POPs that are not already listed (or under review for listing)
by the Stockholm Convention.

Table 1-1 lists all of the 26 chemicals identified under the Stockholm Convention on POPs and the
LRTAP’s Protocol on POPs - both currently listed and under review.

* The final report from the POPRC-5 meeting can be found at: http://chm.pops.int/
® The final report from the LRTAP’s Executive Body meeting can be found at:
http://www.unece.org/env/Irtap/ExecutiveBody/welcome.27.html
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Table 1-1. POPs Identified by the Stockholm Convention and Long-Range
Transboundary Air Pollution Convention
Stockholm Convention Long-Range
Transboundary Air
POP Currently Iger:/?gvrv Pollution
Listed (2009) Convention
Pesticides
Aldrin v v
Alpha-hexachlorocyclohexane v v
Beta-hexachlorocyclohexane v v
Chlordane v v
Chlordecone v v
Dichlorodiphenyltrichloroethane (DDT) v v
Dieldrin v v
Endosulfan v
Endrin v v
Heptachlor v v
Hexachlorobenzene (HCB) v v
Lindane v v
Mirex v v
Toxaphene v v
Industrial Chemicals or By-Products
Dioxins v v
Furans v v
Hexabromobiphenyl v v
Hexabromocyclododecane (HBCDD) v v
Hexachlorobutadiene (HCBD) v
Octabromodiphenyl ether v v
Pentabromodiphenyl ether (penta-BDE) v v
Pentachlorobenzene v v
Perfluorooctane sulfonate (PFOS) v v
Polychlorinated biphenyls (PCB) v v
Polychlorinated naphthalenes (PCN) v
Short-chained chlorinated paraffins v v
(SCCP)

Sources: Refs. 27, 61land 68
Note: Nine additional chemicals that were recently listed by the Stockholm Convention in May 2009 are shown in
bold.

Historically, POP-contaminated soil and stockpiles have been widely treated using combustion systems
using high temperature incineration to destroy the contaminants. Incineration is widely used because
high-temperature incinerators can address large volumes of contaminated material and can treat most
contaminants. Modern incinerators operating with highly controlled combustion environments can
achieve a high destruction and removal efficiency (DRE) for POP contaminants. In the US, DRES as high
as 99.9999% are achievable for incinerators treating non-liquid PCBs. US EPA has approved the use of
incinerators to treat PCB-contaminated material with PCB concentrations greater than 50 parts per million
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(ppm). The US EPA requires that incinerators meet stringent operating conditions. For example,
incinerators treating liquids contaminated with PCBs are required to meet a either: (1) a 2-second
residence time for the liquid waste at a temperature of 1200°C and with 3 percent excess oxygen in the
stack gases or (2) a 1.5-second residence time at 1200°C, with 2 percent excess oxygen (40 C.F.R.

8 761.70). Because of its capabilities, incineration is a viable option for the treatment of materials
containing POPs.

There are several limitations in the reliance on incineration as the sole alternative for POPs waste
treatment. For example, incinerators cannot destroy inorganic constituents (metals) in waste streams, and
these maybe released in air emissions or retained in solid residues; therefore, waste containing POPs and
certain metals may not be suitable for incineration in some cases. Some heavy metals (including lead,
cadmium, mercury, and arsenic) may partially vaporize and leave the combustion unit of the incinerator
with the flue gases; this can require additional off-gas treatment systems for removal of these gaseous
combustion products. Incinerators treating waste streams contaminated with heavy metals can also
produce a bottom ash with high concentrations of metals. These bottom ashes then require
characterization to determine whether they are Resource Conservation and Recovery Act (RCRA)
hazardous waste, may require stabilization, and must be disposed of appropriately. Also, combustion
technologies that have historically been used for the destruction of POPs may fail to meet the stringent
environmental standards or DRE requirements established for POPs if the incinerator is not operated
under stringent technical requirements.

In addition, site owners and operators, remedial project managers, and other interested parties have
expressed concern about the potential environmental and health effects associated with combustion of
POPs. One concern arises because combustion technologies can create polychlorinated dibenzo-p-dioxins
(dioxins) and polychlorinated dibenzo-p-furans (furans). Dioxins and furans have been characterized by
US EPA as “possible” human carcinogens and are associated with serious human health problems
(http://www.atsdr.cdc.gov/toxprofiles/phs104.html).

Most of the POPs-containing stockpiles are located in developing countries whose incinerators do not, in
general, provide high DREs. Therefore, these developing countries must ship obsolete POPs stockpiles to
developed countries for treatment and disposal. International regulations on transporting contaminated
material are strict and transporting obsolete POPs from developing countries to developed countries can
be cost prohibitive. Due to human health and environmental concerns associated with waste incineration,
some countries (e.g., Australia and the Philippines) have non-incineration policies. Based on limitations
associated with combustion technology, concerns with incineration, and an ongoing desire to find more
cost effective solutions, environmental professionals are examining the application of hon-combustion
technologies to remediate POPs in stockpiles and soil (Ref. 71).

1.1 Purpose of Report

This report is intended to provide a high level summary of information for federal, state, and local
regulators, site owners and operators, consultants, and other stakeholders on the applicability of existing
and emerging, non-combustion technologies for the remediation of POPs in soil. The report provides
short descriptions of these technologies and presents them based on the POPs treated, media treated,
pretreatment requirements, performance and cost. Case studies are provided to illustrate various
considerations associated with selecting a non-combustion technology. However, the report is not
intended as a step-wise, or complete guide to selecting remediation technologies for POPs. This report is
a second edition of a report initially published by US EPA in 2005 (EPA-542-R-05-006).
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Because of international interest in POP waste management using alternate technologies, several
organizations have published documents on this topic. Additional information on non-combustion
technologies for the remediation of POPs waste is available in documents presented in Section 2.8 of this
report. Some of the technologies discussed in these documents have progressed from the development
stage to a commercial stage; other commercial technologies discussed in these reports are no longer being
developed. Also, additional promising destruction technologies for POPs have been developed since the
first edition of this report and other POPs treatment technology reports were prepared. The purpose of this
US EPA report is to summarize and update the older reports in a reader’s guide format, with links to
sources of further information.

1.2 Methodology

In developing the 2005 report, US EPA identified non-combustion technologies for remediation of POPs
in soil by reviewing technical literature, US EPA reports, and US EPA databases such as the Federal
Remediation Technologies Roundtable (FRTR) (www.frtr.gov) (Ref. 18) and the Remediation and
Characterization Innovative Technologies (REACHIT) system, and by contacting technology vendors and
experts in the field. For this edition of the report, US EPA contacted technology vendors listed in the
2005 report for technology updates. Additional research was conducted to locate new technologies for
the treatment of all 26 POPs identified by the Stockholm Convention and LRTAP. The US EPA
REACHIT system could not be searched since its use was discontinued in 2008. Limited but concise data
about remediation technologies is located in US EPA’s Clean-Up Information (CLU-IN) (http://www.clu-
in.org/vendor/vendorinfo/). In addition, a key source of information for this report was communications
with John Vijgen of the IHPA. While this report has been reviewed by experts in the field, some of the
information sources cited have not been peer-reviewed.

From this research, non-combustion technologies for POPs were identified. For each technology, the
following information was identified: commercial availability; the processes used; advantages and
limitations; POPs treated; sites where the technology was applied at full-, pilot- or bench-scale;
technology performance results; cost information; and lessons learned. This report discusses technologies
that have treated one or more of the 26 POPs presented in Table 1-1. Some technologies previously
discussed in other sources are no longer commercially available or have not been used to treat POPs;
therefore, these technologies are not included. Technologies identified in the first edition (2005) of this
report that are not currently commercially available are described in Appendix E.

Based on the available information,
US EPA reviewed the types of waste

INTERNATIONAL HCH AND PESTICIDES ASSOCIATION

and contaminants treated, and PUBLISHED 15 FACT SHEETS ABOUT EMERGING NON-
summarized the results from use of COMBUSTION ALTERNATIVES FOR THE ECONOMICAL

the technology. Performance data DESTRUCTION OF POPS

were evaluated based on the (http://www.ihpa.info/resources/library/). THESE FACT
concentrations of specific POPs SHEETS WERE USED AS A KEY INFORMATION SOURCE DURING
before- and after-treatment. For DEVELOPMENT OF THIS REPORT.

many of the specific projects
described in this report, gaps existed in the information available. For example, for some projects, little
or no performance data were provided. US EPA did not perform independent evaluations of technology
performance to support this report. However, where feasible, data gaps were addressed by contacting
specific vendors, technology users, and representatives of the IHPA.
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13 Report Organization

This report includes six sections and several appendices.

e Section 1.0 is an introduction discussing the purpose, methodology, and organization of the
report.

e Section 2.0 provides background information about international treaties and organizations that
address POPs issues and about the sources, characteristics, and health effects of POPs, including
chemical structures and toxicology profiles.

e Section 3.0 presents technology overviews; more detailed information for some technologies is
then provided in technology-specific fact sheets in the appendices to this report. Seventeen
technologies for POP treatment are described in Section 3.0, organized into three subsections
based on the scale of application. Section 3.1 contains descriptions of full-scale technologies that
have treated POPs. Section 3.2 and Section 3.3 contain descriptions of pilot-scale and bench-
scale technologies, respectively, that have been tested on POPs.

Section 4.0 lists web-based information sources used to prepare this report.

Section 5.0 contains contact details for technology vendors.

Section 6.0 lists references used in the preparation of this report.

Appendix A provides chemical structures, uses and effects of POPs listed under the Stockholm

Convention and LRTAP.

e Appendices B, C, and D provide fact sheets
prepared by US EPA for anaerobic bioremediation FURTHER INFORMATION ABOUT NON-
using blood meal for the treatment of toxaphene in COMBUSTION TECHNOLOGIES FOR
soil, DARAMEND®, and in situ thermal desorption REMEDIATION OF POPS IS PROVIDED AT
(ISTD), respectively, which were modeled after the WWW.clu-in.org/POPs.
fact sheets prepared by IHPA and are described
below. Fact sheets for 10 other POP treatment technologies presented in this report were
previously published in “Evaluation of Demonstrated and Emerging Remedial Action
Technologies for the Treatment of Contaminated Land and Groundwater (Phase I11),” which was
issued by the IHPA in 2002. US EPA reviewed the 10 technologies as part of work for this report,
as well as three additional technologies for which fact sheets were prepared by IHPA (see list in
Section 2.8). Technologies identified in the first edition (2005) of this report that are not
currently commercially available are provided in Appendix E. This review was implemented to
evaluate whether additional, more recent information was available for these technologies.
Through 2008, four additional fact sheets for other POP treatment technologies were prepared by
IHPA. In addition, other technologies in this report were updated with site-specific performance
data and included in their respective sections, as appropriate.

o Appendix E provides technologies identified in the first edition (2005) of this report that are not
currently commercially available.
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2.0 BACKGROUND

This section provides background information about the Stockholm Convention, Basel Convention and
LRTAP. It also provides information about the sources, characteristics, and health effects of POPs. It
also identifies technology categories and documents that address the treatment of POPs.

2.1 Stockholm Convention on POPs

The Stockholm Convention is a global treaty intended to protect human health and the environment from
POPs. As of July 2010, 184 countries and one regional economic integration organization (i.e., the
European Union) are Parties to the Convention. The US signed the Stockholm Convention on May 23,
2001 but as of July 2010 has not yet ratified the Convention (Ref. 61).

The Stockholm Convention has had a large impact on various countries around the world. For example,
the Stockholm Convention designates the Global Environmental Facility (GEF) as the principal entity
entrusted with the operations of the financial mechanism of the Convention. The GEF was originally
established in 1991 and is the largest funder of projects to improve the global environment®. Currently, it
unites 182 member governments — in partnership with international institutions, nongovernmental
organizations, and the private sector — to address global environmental issues.

The Stockholm Convention’s COP has established guidance for the GEF financial mechanism that
emphasizes capacity building and establishes the country-specific National Implementation Plan (NIP) as
the main driver for implementation activities. Specifically, the COP recommended that resources should
be allocated to activities “that are in conformity with, and supportive of, the priorities identified in
[Parties’] respective NIPs. This guidance has been reaffirmed and updated at subsequent COP meetings.
In sum, the GEF has distributed grants to Parties to the Convention to support their development of their
NIP. The NIP will:

(1) Include an initial inventory of POP stockpiles (including their location),

(2) Provide a framework for developing national laws on POPs, and

(3) Provide an action plan that details how to prioritize POPs, monitor the POPs inventory, and design a
plan to eliminate POPs (short term and long-term plans).

2.2 Basel Convention

The Basel Convention is a global environmental agreement that focuses on the international
transportation and disposal of hazardous waste. The convention, by means of a treaty, was first put into
effect in May 1992. In 2004, the Basel Convention invited signatories of the Stockholm Convention to
consider the development of information on best available techniques and environmental practices with
respect to POPs (Refs. 69 and 70). As of June 2010, 173 parties have either signed, or signed and ratified
the treaty. The US signed the treaty on March 22, 1990, but, like the Stockholm Convention, as of June
2010 has not ratified it (Ref. 12).

® More on the GEF can be found at: http://www.thegef.org/gef/
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2.3 Convention on Long-Range Transboundary Air Pollution (LRTAP) — Protocol on POPs

The Convention on Long-Range Transboundary Air Pollution (LRTAP ) was signed in 1979 by 34
governments and the European Community to address issues with air pollution on a regional basis.
LRTAP entered into force in 1983 and has been implemented through eight (8) Protocols that provide
specific requirements for countries to reduce air emissions and pollution. In 1998, the LRTAP adopted
the Protocol on POPs that focuses on a list of 16 compounds that have been singled out according to
agreed risk criteria. The US is a Party to the LRTAP Convention but has not yet ratified the POPs
Protocol. The compounds consist of eleven pesticides, two industrial chemicals and three by-
products/contaminants. The ultimate objective is to eliminate any discharges, emissions and losses of
POPs. As of April 2010, 51 parties had ratified LRTAP. The US is a signatory to the LRTAP’s Protocol
on POPs — but has not yet ratified the Protocol.

2.4 Sources of POPs

Most POPs originate from man-made sources associated with the production, use, and disposal of certain
organic chemicals. Some POPs are intentionally produced, while others are unintentional by-products of
industrial processes or result from the combustion of organic chemicals. The 24 POPs currently within
the scope of the Stockholm Convention (or under review) include 14 pesticides and 10 industrial
chemicals or by-products (Ref. 24). Table 1-1 lists these POPs.

The 14 pesticides targeted by the Stockholm Convention were produced intentionally and used on
agricultural crops or for public health vector control. Over time, significant human health and
environmental impacts were identified for these pesticides. By the late 1970s, these pesticides had been
banned or subjected to severe use restrictions in many countries. However, some of these 14 pesticides
are still used in parts of the world where they are considered essential for protecting public health (Ref.
24).

The 10 industrial chemicals and by-product POPs within the scope of the Stockholm Convention include
PCBs, dioxins, furans, brominated flame retardants (BFRs), PFOS and pentachlorobenzene.

PCBs were produced intentionally but typically have been released into the environment unintentionally.
The most significant use of PCBs was as a dielectric fluid (a fluid which can sustain a steady electrical
field and act as an electrical insulator) in transformers and other electrical and hydraulic equipment. Most
countries stopped producing PCBs in the 1980s; for example, equipment manufactured in the US after
1979 usually does not contain PCBs. However, older equipment containing PCBs is still in use. Most
capacitors manufactured in the US before 1979 also contained PCBs.

Dioxins and furans are usually produced and released unintentionally. They may be generated by
industrial processes or by combustion, including fuel burning in vehicles, municipal and medical waste
incineration, open burning of trash, and forest fires (Ref. 24).

" More on LRTAP can be found at: http://www.unece.org/env/Irtap/
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25 Characteristics and Health Effects of POPs

POPs are synthetic chemicals with the following properties (Ref. 24):
e They are toxic and can have adverse effects on human health and animals.
They are chemically stable and do not readily degrade in the environment.
They are lipophillic (possessing an affinity for fats) and easily soluble in fat.
They accumulate and biomagnify as they move through the food chain.
They move over long distances in nature and can be found in regions far from their points of
manufacture, use, or disposal.

POPs are associated with serious human health problems, including cancer, neurological damage, birth
defects, sterility, and immune system defects. US EPA has

classified certain chemicals as “probable” human FURTHER INFORMATION ABOUT
carcinogens®, including aldrin, alpha- and beta-HCH, dieldrin, THE TOXICOLOGICAL AND
chlordane, DDT, heptachlor, HCB, toxaphene, chlordecone, CHEMICAL PROPERTIES OF POPs
lindane (i.e., gamma-HCH), dioxins and furans, HCBD and IS AVAILABLE AT

PCBs. Laboratory studies have shown that low doses of HTTP://WWW.ATSDR.CDC.GOV/

certain POPs can adversely affect organ systems. Chronic
exposure to low doses of certain POPs may affect the immune and reproductive systems. Exposure to
high levels of certain POPs can cause serious health effects or death. The primary potential human health
effects associated with certain POPs are listed below (Refs. 16 and 24):

Cancer

Immune system suppression

Nervous system disorders
Reproductive damage

Altered sex ratio

Reduced fertility

Birth defects

Liver, thyroid, kidney, blood, and immune system damage
Endocrine disruption

Developmental disorders

Shortened lactation in nursing women
Chloracne and other skin disorders

In addition, studies have linked POP exposure to diseases and abnormalities in a number of wildlife
species, including various species of fish, birds, and mammals. For example, in certain birds of prey,
high levels of DDT caused eggshells to thin to the point that the eggs could not produce live offspring
(Ref. 24).

Table 2-1 provides toxicological and chemical properties of the POPs listed and under review by the
Stockholm Convention and LRTAP. Appendix A provides chemical structures, uses and effects of
chemicals listed under the Stockholm Convention and LRTAP.

® Based on the 1986 USEPA classification of carcinogens, “probable” carcinogens (Group B) include those agents
for which the weight of evidence of human carcinogenicity based on epidemiological studies is “limited” and those
agents for which the weight of evidence of human carcinogenicity based on animal studies is “sufficient” (Ref. 56).
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Table 2-1. Toxicology and Chemical Properties of POPs Listed and Under Review by the Stockholm Convention and LRTAP

Molecular LD Water Vapor Henry’s Law
POPs Formula (mg /I5<Og) Half Life Solubility Solubility in other Solvents Log Kow Pressure@ Log Ko _ Cons_tant
(mg/L) 25°C (mm Hg) (dimensionless)
Pesticides
Aldrin CioHsCle 390- 1 53 days 0.01 Very soluble in most organic 6.50 1.20x10* 7.67 4.90x10°
64.0 solvents
Alpha- 1,000- | 54.4-56.1 Soluble in alcohol, ethanol
Hexachlorocyclo- CsHsClg ' ) ' 6.95 ! 3.80 4.50x10°° 3.57 6.86x10°°
4,000 days and ether
hexane (HCH)
. -7
Beta-HCH CeHClg <900 100-184 500 Soluble in ethanol, ether and 378 3.60x%0 357 450x107
days benzene @20°C
Chlordane CioHCle 830- | 93.2-154 0.06 Miscible in hydrocarbon 5.54 220x10° | 3.49-4.64 4.85x10°
590 days solvents
91.3- Soluble in hydrocarbon 7 ) 8 .
Chlordecone C1Cly0O 132 10 days 3.00 solvents, alcohols and ketones 4.50 3.00x10 3.38-3.42 2.50x10"° @ 22°C
Dichlorodiphenyl i ) Slightly soluble in ethanol, 7
Trichloroethane C14HoCls %Z% 22 d:;s 1 0.03 very soluble in acetone and 6.91 1'602)(0%2: @ 5.18 8.30x10°®
(DDT) ' Y ethyl ether
Soluble in most organic
Dieldrin CuHClO | 37-46 | 5vyears 0.05 solvents, except aliphatic 6.20 6.00 6.67 5.20x10°®
petroleum solvents and
methyl alcohol
Soluble in dichloromethane,
ethanol, ethyl acetate, hexane,
39.5-42.1 toluene, acetone, benzene, 5 5
Endosulfan CyHgsClgOsS | 40-121 0.060-0.100 . 3.55-3.62 1.00x10 35 1.00x10
days carbon tetrachloride,
chloroform, ethanol,
kerosene, methanol, xylene
Soluble in acetone, benzene,
Endrin CiHsClsO | 7.0-43.0 | 14 years 0.20 carbon tetrachloride, hexane 5.34-5.60 2.00x107 453 4.00x10°7
and xylene
Heptachlor CioHsCly 39-144 | 38448 0.05 Soluble in most organic 6.10 3.00x10™ 434 2.94x10™
days solvents
Insoluble in water, slightly
?:éch)h'orObenze”e CsCle %%%’ 53 days 0.01 soluble in ethanol, very 6.50 1.20x10* 7.67 4.90x10°

soluble in benzene
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Table 2-1. Toxicology and Chemical Properties of POPs Listed and Under Review by the Stockholm Convention and LRTAP

Molecular | LD Wielicr Vapor Henry’s Law
POPs Formula (Mg /I5<Og) Half Life Solubility Solubility in other Solvents Log Kow Pressure@ Log Kqc Constant
(mg/L) 25°C (mm Hg) (dimensionless)
Lindane (Gamma - 900- . 1.09x10° @ 4
HCH) C1,H4Brg 1,000 3-6 years 0.01 Soluble in ether and benzene 5.73 20°C 6.08 5.8x10
. i 62.1-107 Soluble in dioxane, xylene, 5@ oo I
Mirex C1Cly, 365-740 days 17.00 benzene, methyl ethyl ketone 3.72 4.20x10~* 20°C 3.57 3.50x10
Freely soluble in aromatic
Toxaphene CyoH1oClg 80-293 | 10 days 0.60 hydracarbons, readily soluble 5.28 3.00x10” 3.76 5.16x10™ @ 22°C
in organic solvents including
petroleum oils
Industrial Chemicals or By-Products
Polychlorinated 1,010- Very soluble in organic 4 4
biphenyls (PCB) CiH104Cly 4250 9 years 0.42 solvents 5.60 4.00x10 NA 2.90x10
Dioxins (numerical 0.022- Soluble in dichlorobenzene,
data for tetrachloro- | Cy,H,Cl,O, 0.045 | 7-12years 0.001 chlorobenzene, benzene, 7.02-8.70 7.50x10° NA 1.61x10°- 1.02x10™
dibenzo-p-dioxin) ' chloroform and n-octanol
Furans C,H,0 0.916 2.6 days 0.010 Soluble in toluene 4.00-5.00 No data NA NA
Hexabromobiphenyl | Cy,H,Bre 65-149 | >6 months 0.011 ﬁgr']‘;t;'nee'” acetone and 6.39 5.20x10° 3.33-3.87 3.90x10°
. . -6
Octabromodiphenyl C1oH,Br0 65-149 76 days? 0.0005 Soluble in acetone, methanol 6.29 6.59x£0 @ NA 10.6
ether and benzene 21°C
Pentabromodiphenyl Soluble in methanol, miscible 2.20x107 - 5
ether C1,HsBrsO 65-149 150 days 0.013 in toluene 6.64-6.97 5 5010”7 4.89-5.10 1.20x10
Pentachlorobenzene CgHCls 33-330 268;200 0.56 Low solubility in water 4.88-6.12 1.65x107? 6.08 5.8x10*
Perfluorooctane >41 Soluble in ethanol and 6 9
sulfonate (PFOS) CgF17S03 199-318 year53 519-680 methanol NA 2.40x10 2.57 3.09x10
Hexachlorobutadiene 5 2.00-2.55 @ .
(HCBD) C,Clg 200-580 | 1.6 years 20C Soluble in ethanol and ether 4.78 0.15 3.67 0.001-0.026
Hexabromocyclo- 500- 66-101 L -
dodecane (HBCDD) C1oH4gBrg 1,000 days* 0.066 Low water solubility 5.62 4.70x10 NA NA
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Table 2-1. Toxicology and Chemical Properties of POPs Listed and Under Review by the Stockholm Convention and LRTAP

Molecular LD Water Vapor Henry’s Law
POPs Formula (Mg /I5<Og) Half Life Solubility Solubility in other Solvents Log Kow Pressure@ Log Kqc Constant
(mg/L) 25°C (mm Hg) (dimensionless)
E‘;'g’ﬁmglgr’]‘gf(dp(:,\l) CioHiooCly | 530-710 | 2-12 days 317 Soluble In benzene, alcofol, | 3 59.3.37 0.087 Py 4.6x10°
Soluble in chlorinated
Short-chained solvents, aromatic 2 10x107 -
chlorinated paraffins | CxHgxy+2Cly 0.34 >1 year 0.003-0.994 hydrocarbons, ketones, esters, 4.48-8.69 ' 2 NA 0.10-18.0
- . 1.88x10
(SCCP) ethers, mineral oils and some
cutting oils

Notes:

1: Data and definitions used in this table are derived from the Agency for Toxic Substances and Disease Registry (ATSDR) website at http://www.atsdr.cdc.gov
and the Stockholm Convention on Persistent Organic Pollutants website at http://chm.pops.int/.

2: Half life for Octabromodiphenyl ether in air.

3: Half life for Perfluorooctane sulfonate in water.

4: Half life for Hexabromocyclododecane in sediments

5: Half life for Hexachlorobutadiene in air.

mg/kg = milligram per kilogram

LDs = Lethal Dose 50% is the dose of a substance required to kill 50% of the exposed test subjects.

Half Life = The rate at which a chemical breaks down is usually defined by how long it takes for half of the chemical to break down.

Log Ky = The octanol/water partition coefficient is used as a measurement of a compound’s bioaccumulation potential.

mm Hg = millimeters of mercury (unit for standard air pressure)

mg/L = milligram per liter

Log K, = The organic carbon partition coefficient is used as a measurement of soil adsorption potential.

Henry’s Law Constant = A measurement that is used to estimate the tendency of a chemical to partition between its vapor phase and water.
NA = Not available
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2.6 Review of Chemical Characteristics of POPs Listed and Under Review for the 2009
Stockholm Convention

To determine if the POPs listed and under review in the Stockholm Convention of 2009 would be
amenable to treatment using similar non-combustion technologies identified for the POPs listed by the
2001 Stockholm Convention, these new POPs were grouped and compared. For classification purposes,
physical organic chemistry principles and “structure-activity relationships™ (which is a major tool for new
drug development) are used in this analysis. Both fields of analysis are based on types of constituents,
structures, and reaction rates (Ref. 14 and 49).

Chemicals Added at the May 2009 Stockholm Convention Conference of Parties (COP) meeting

Hexachlorocyclohexane (HCH) isomers: Lindane (i.e., Gamma-HCH), Alpha-H